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S3 Forcing f for Tests 2 and 3
The forcings f = −M M M y calculated to force the specified mean-flow y in Tests 2 and 3 are shown in Figs. S2 and S3. The thermal forcing for Test 2 includes heating in the high-latitudes mid-troposhere, which more or less coincides with the region of the positive temperature response (Fig. 2(b) ). The mechanical forcing pattern is more complex and its main feature is a strong easterly torque in upper troposphere/lower stratosphere to the south of the region of equivalent-barotropic easterly zonal-wind response ( Fig. 2(a) ).
For Test 3, again the thermal forcing to some extent resembles the targeted temperature pattern ( Fig. 3(b) ) and includes heating in the midlatitudes and cooling in the high-latitudes. The mechanical forcing pattern is again more complex and includes a strong westerly (easterly) torque concentrated in the upper troposphere to the south (north) of the region of equivalent-barotropic westerly zonal-wind response ( Fig. 3(a) ).
The implications of these two forcing patterns for the relationship between forcing and meanresponse should be treated with caution. This is because these forcings might still contain components that correspond to the fast and inaccurate modes despite the filtering (14). However, when these forcings are applied in the GCM, these components only affect the transients and not the mean-response. Note that the forcing needed to force the neutral vector ) is the optimal forcing and provides a more reliable example for the relationship between the forcing and mean-response.
This issue can be further illustrated using the forcing calculated for Test 2 (Fig. S2) . The 10% change in the Newtonian relaxation timescale results in a purely thermal forcing. This forcing can be analytically calculated and its pattern and amplitude are fairly similar to the thermal component of the forcing computed usingM M M (Fig. S2(b) ). However, the forcing calculated usingM M M also has a mechanical component (Fig. S2(a) ), which is due to the fast and inaccurate modes ofM M M. Applying the mechanical and thermal components of the forcing to the GCM separately shows that while the response to the mechanical forcing alone is weak and has a pattern that is different from the pattern of the target, the pattern and amplitude of the response to the thermal forcing alone is quite similar to those of the target (still, the relative errors of zonal-wind and temperature are both around 16%, which are twice larger than the errors when the two components are applied together). 
